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This invention relates to electrical capacitor devices, 
and more particularly to electrical capacitor: incorporating a 
pair of electrodes having a dielectric layer and an ionic 
conducting ceramic material therebetween. 

Electrolytic capacitors ordinarily utilize, as an 
electronic barrier, a wet electrolyte which may be in a liquid 
form, or a aemi-aolid form ouch as a gel or paste, as semi-Bolid 
embodiments. The use of wet type electrolytes entails a number 
o£ iaportant problems not only of a mechanical or physical 
nature such as those related to handling, storage, capacitor 
asse^ly. seals and shelf life, but also of an electrical and 
chemical nature eoch as those related to choice of materials 
effective with and eonpatible with wet electrolytes . In many 
instances these noted problems become limitations to extended 
an>lication and use of electrolytic capacitors. However, the 
%rat electrolyte is needed to provide effective ion conductance 
which is desirable for electrolytic capacitor operation. Dry 
electrolytes are usually not ion conducting materials or do not 
have sufficient ion conductance for optimum electrolytic 
capacitor operation. 

Accordingly, it Is an object of this invention to 
provide an iniprovad capacitor 

It is another object of this invention to provide an 
ia^roved dry type capacitor. 

It ia yet another object of this invention to provide 
an improved dry type capacitor utilizing an ionic conducting 
ceramic electrolyte. 

It is still another dbject of this invention to provide 
an improved capacitor utilizing a socium ion convicting, beta 
alumina ceramic as the electrolyte therefor. 

It is yet another dbject of this Invention to provide 
a porous slug capacitor utilizing an ionic conducting modified 
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beta altmina ceramic a. the .lug material- 

It i. another object of this invention to provide 
an oxidized valve metal porous .1«9 capacitor impregnated with 
an ionic conducting ceramic material. 

tt is yet another object of this invention to provide 

1 ..*..i>iai for capacitor use, having 
an ionic conducting ceramic material, tor cap- 

a region thereof modified to be non-conducting. 

It has been discovered that an improved capacitor may 
be provided by the use of an ionic conducting ceramic as the 
electrolyte ..terlal in an electrical capacitor. Ion conduct- 
ing ceramics may be suitably modified by process treatments 
including additions of or treatment with allcaUn. ratals such 
a. sodium, potassium, lithium and others of this class of 
metals, for increased ionic conducting characteristics, and 
suppression of other fon.s of conductance. Hore specif ically. _ 
it has been discovered that beta alumina ceramic, in which the 
transport of sodiu. ions is the predominant conduct in<, medium, 
is an effective dry electrolyte for capacitors. 

Briefly described, this invention in one of Us 
0 preferred forms utilizes a beta alumina ceramic as the elec 
trolyte between a pair of electrodes and a dielectric barrier 
layer to provide a capacitor configuration. The beta alumina 
cer^c may be modified by the addition of sodium thereto and 
subsec^ent sintering to provide i«^roved sodium ion conductance, 
the dielectric barrier or bloclcing layer may be associated with 
the counterelectrode of the pair of electrodes, or may be 
integral with the ceramic material as a portion thereof. The 
barrier layer «y also be a separate layer of a suitable mate- 
rial attached to or a part of the ceramic or elects de 

30 structures . 

This invention will be better understood when taken 

in connection with the following description and the drawings 
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in which*. 

PI6. 1 ia an illuetration of an improved capacitor 
in accordance vith the teaching, of thi. invention, 

FIG. 2 is an illustration of a non-polar .edification 

of this invention: 

WO. 3 is an illuetration of a .l«g type capacitor 

utilieing the teaching, of thi. invention: 

FIG. 4 is an end cross-sectional view of the 

invention of F16. 3: 

fig! 5 is a BOdifled strncture of the PIG. 4 

eabodivantj 

FIG. 6 is a .odified form of the non-polar con- 

■truetien of FIG. 2. 

Heferrlng no- to KG. 1. a capacitor atructure 10 la 
disclosed Which includes an anode electrode 11. a .paced 
counterelectrode 12. and their corresponding leads 13 and 14 
respectively. Between the electrodes 11 and 12 there la 
provided «. electrolyte 15. in the for- of an ionic conducting 
cer«ac »terial. and a harrier layer 16 which physically 
space electrode. 11 and 12. and in one for. of this invention, 
are in coextensive contact with the electrodes over a signi- 
ficant and predetermined area thereof. 

in the edification of PIG. 1. electrode 11 is 
denoted as tl. anode electrode and accordingly the dielectric 
barrier layer 16 is provided between electrode 11 and ceramic 
electrolyte 15. the operation of capacitor 10. as described, 
i. slMlar to that generally hnown for electrolytic capacitors. 
For exa-ple. when connected to a suitable source of electrical 
power, electrons pas. fro. counterelectrode 12 into the adja- 
cent surface of the ceramic electrolyte 15. The ions within 
cer«nic electrolyte 15 move freely under the influence of the 
electron surface charge to form a similar effective charge on 
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l.,.r «^".» «- '^^-^ 

capacitor. 

th. £or.goi«g oparatlon Incl-a- th. program of 
.,„.p..t o. ion. i» th. carafe alactrolyta. 0« pr...r«. 

c«a«ic alact«.l^a is aa alu-in. cara-ic «Hic. Kaa ^.n 
,«ecuv.ly ^ifi.a ao t..t it is ^ .Uc-lytic «t.ri. 
^ich unde. U.U.1 capacitor oparation condition, is ionic 
ccductin, -.iu.. -or- apaciUcaUy. on. pr...rr.d aiu^na 
cr^aic i. a b.ta aXui-ina crai^c which includa. .odxu- th. .in. 

^ *,-.t.d for axanpU. Bintaring to provide 
and which may b« traatad, for .JW 

improvd .odtu. ion -i^ility ther.in. 

Bat. alumina i. a aodiu- alu-dnat. following tha. 

^ ki a aoMtifflaa raportad alao aa 
g«narBl formula Ha2O.ll t^^lOv •o«tiB» 



qanaraj, totmwi.- — * « ^ 

„ - • — t° 

1. pr.P"- 

K.,in, . <i~.it, oe »» 

P.0,«i« ..t».i« op." "-"^ 
.MUW. «.". t». i<»i. ch..«=t..i.ti.. .« 

-y b. i- « «*• *T" 

.l«=«.lytlc ..p..i«or.. i..-. -1- »'^' 
oth.s lonie coii«Mti« "* 

(.iKali) -atal -diflad al«.nina «,n.toplu«bite c.ra„ic.. 
valva •atal caraniea and oth.r 
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ceramlcB «y be employed in thie invention. The ion conducting 
characteristics of these nmterials may be enhanced by proper 
treatment including heating, sintering and doping with other 
materials or other modifying proceeaes. 

m PIG. 1 the dielectric barrier layer 16 may be a 
separate layer deposited either on the ceramic material 14 or 
on the electrode 11. For example, layer 16 may be an oxide 
Cil« formed electrolytically or chemically on a valve metal 
electrode 11. or a suitable deposited layer of such materials 
as silicon dioxide, barium titanite and other known dielectrics 

suitable for capacitor use. 

Alternately the dielectric barrier layer 16 may be 
formed as . layer or region of the ceramic material 15. For 
exan^le. cer««ic material 15 may have a surface layer section 
suitably treated to remove sodium. Na^so. and thus provide a 
dielectric barrier or bloclcing layer. Such treatment may be 
in the form of heating or sintering, chemical leaching, and 
other controllable processes including eatablishing volta.e 
gradients to move ions from the desired layer, if desirable, 
both operations may be utilized, i.e.. providing a barrier 
layer section in ceramic material 15 and depositing a barrier 
layer material on the noted ceramic section or the adjacent 
electrode. Where one such layer 16 is employed the capacitor 
is referred to as a polar type. Where a layer 16 i- provided 
between each electrode and e.r«.dc 15 the capacitor is referred 

to as non-polar. 

PIG. 2 ie a non-polar modification 17 of the inven- 
tion of FIG. 1. in FIG. 2 electrodes 11 and 12 are separated 
by a ceramic composite 18 Which includes a pair of beta alumina 
ceramic layers 15 -nd 15" separated by a dielectric barrier or 
blocking layer 16. In the non-polar configuratton leads 13 and 
U may be connected to either the positive or negative side of 
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an electrical power supply. Electrons are caused to be moved 
out of one of the electrodes into the surface of the ionieally 
conducting beta alumina ceramic, causing sodium ions to migrate 
to form an equivalent surface charge on the opposite or dielec- 
tric side of the ceramic. 

in order to provide good electrical contact between 
an electrode and adjacent beta ceramic, particularly between 
the barrier layer and the adjacent electrode, a suitable 
conducting ceramic or orA^". p«ch as MnO^ may be deposited, as 
is the known practice in electrolytic capacitors, on the barrier 
layer and the electrode attached to the conducting MnO^ layer, 
one example of the use of KnOj ae well as deposited material 
electrodes is disclosed in U.S. patent 3.302.073 issued 
January 31. 1967 - Broodo. assigned to the same assignee as 
the present invention. 

PIG. 3 discloses the configuration of a porous slug 
anode type electrolytic capacitor 19. In PIG. 3 a slug anode 
20 of beta alumina ceramic is partly encased by a counterelec, 
trode 21. Electrical leads 22 and 23 connect to anode body 19 
and countereleetrode respectively. For illustrative capacitor 
structure, reference is made to the crosa-sectional view of 
PIG. 4. in PIG. 4 beta alumina ceramic body 20 is treated 
chemically to provide a non-conducting barrier layer 24 along 
the surfaces of the pores as well as other exposed surfaces. 
Alternately, or in contination therewith, layer 24 may be an 
electrically non-conducting material such as barium titanate 
deposited on and within body 20 and tired in situ. Thereafter 
countereleetrode 21 is attached to layer 24. The counterelee- 
trode 21 is expeditiously attached by simply dipping body 20 
in a molten metal bath, with vacuum Impregnation if desirable 
to provide a coating electrode. Countereleetrode 21 may also 
take the form of a suitably deposited material such as graphite 
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MnOj or bet. .lumln. ceramic In the pores of body 20. 

A further DWdification of the FIG. 4 invention is 
llluetrated in ^. 5. In PIG. S the body 26 is a porous 
sintered valve metal body having «:n oxide coating thereon as 
described for e^le in U.S. patent 3.255.390 issued .une 7. 
1966 - KUBcetta. aeeigned to the 8«.e assignee aa the present 
invention. Body 26 is impregnated with an ionic conducting 
ceraiaic material to provide a coating 'H on the internal and 
external surface, of body 26. Ceramic material layer 27 in 
this instance serves as the electrolyte and as a base for a 
eounterelectrode layer. 

FIG. 6 illustrates a further modification of this 
invention following the principle, as described for FIGS. 2 and 
5. in PIG. 6 capacitor structure 29 compri.es a pair of elec-. 
trodes 11 and 12 with a composite 30 therebetween. Composite..:^ 
30 includes a s^.cea ^air of ceramic electrolyte sections 15 
and 15- having a valv. >..^t.l section 31 therebetween. Valve , 
n.etal strucgure 31 is suit.>bly oxidized to provide opposed 
aielectric barrier layer surfaces 32 and 33 adjacent ceramic - 
sections 15 and IS' respectively. Valve metal structure 31 as 
well as any other electrode of a valve metal -ay be produced 
from those valve metals common to the electrolytic capacitor 
,.t. examples being tantalum. .l««ln«». «i«o«i» 

The objects of this invention are attained by the use 
of an ionic conducting ceramic m-terial, particularly beta 
alumina ceramic as the ionic conducting electrolyte in a capa- 
citor. -The material is adaptable to various operational embo- 
diments in addition to those shown and described and may be 
employed in conjunction with or as a part of other components 
of electrical capacitors including impregnation by w.t type 

electrolytes . 

While the present Invention has been described with 
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refrnc. to prticulT e«*odi«nt. thereof, it will be 
«nd.r.tooa by thoee .Wiled in the .rt th.c n««ero«. -odif 1- 
c:.tion. nay be »ade without departing fro. the scope and spirit 
of tine Invention. 
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e-bodi'-ent. Of th. invention in wh.ch .n 

«.oc«tY or privilege is cUxmcd «e defined 
exelueive property v 

. „ .l^trU.1 c.,.citor «.p».in, . p." •« 

.... . 7 

.«.u -fX .-ai.". ---^ ' 

4 The inventiOD a« recxtea 

5 The invention ae recxted in claim 

' ^.arrierlayer includes a layer Of e.id cera»xc 
snid dielectric barrier iay«t 

electrolyte rendered subatantially non-conducting. 

. the invention as recited in cla*. 1 .-rem 
dieleltric barrier layer includes a ^^^^ ^ ^^^^ 
conducting material bet-een one or both electrode, a^ 
ceramic electrolyte. - j..,.i„ 

electrodes. ..---a 
8 Ji cap*«itor comprising a pair of -paced 
electrodes* and . compoaite electrolyte interposed there- 
^^en. said composite electrolyte compUsx. outer end 
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contact *.it»v ««W 

^-1 Avide formed on the expo"" 
metal o*i<Je „i<„.trciltfte material 

.l.ctrlc.1 com—tiOD to 

Ka«A alumiD* ceramic. ^,-.„ i 

beta aiumxu eaoacltor according to claxm I, 

14 ha olectrxcal capacj-wi 
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